The KI score can be used as a pre-test to predict the performance of a MI based BCI.
Motor imagination (MI) is a dynamic state in which the presentation of a specific motor action is internally activated without a motor output [Mulder 2007] . MI activates the same brain area as real (overt) movements [Jeannerod 2001 , Decety 1996 , following the same dynamics described by temporal regularity, programming rules, and the encoding of biomechanical constraints.
A very important property of MI is that one can vividly imagine a motor action that he/she cannot perform. A MI has therefore been widely used for training purposes, with sportsmen and musicians [Hall et al. 1998 , Hall 2001 , Langheim et al. 2002 , Lotze and Halsbrand 2006 , Guillot et al. 2010a , and in the rehabilitation of patients who cannot perform active movements following stroke, spinal cord injury (SCI) or chronic intractable pain [Moseley 2004 , Butler and Page 2006 , Mulder 2007 , Page et al. 2009 , Grangeon et al. 2010 , Malouin 2010 . In these studies patients were verbally guided to imagine some functional, object oriented task for which they could not produce a satisfactory overt movement, such as reaching or grasping an object. Patients achieved decreased reaching time, enhanced smoothness of a hand trajectory of their overt movements [Grangeon et al. 2010 ], increased Fugl-Meyer score and results of the Action Research Arm (ARA) test [Page et al. 2006 ] .
Even though motor imagery can improve learning or re-learning of motor skills, it is much dependant on a person's ability to elicit mental images. This ability is characterised as a 'vividness' of imagery (i.e. clarity and richness) and its controllability, which depends on the person's ability to perform the mental representation of an action (covert action) using the previous experience of an earlier overt action [Guillot et al. 2010b] . People vary greatly in their ability to imagine movements and this ability can be improved by practice [Hall 1985 , Guillot et al. 2010b . A recent study demonstrated that 'poor' and 'good' imagers recruit the corresponding anatomical substrates to a different extent, 'good' imagers recruiting only the cortico-striatal system while 'poor' imagers in addition recruiting the cortico-cerebellar system [Guillot et al. 2008] .
Questionnaires have been commonly used to asses motor imagination ability [Isaac 1996 , Hall et al. 2009 ]. Apart from questionnaires, autonomic system function measurements and mental chronometry are also considered a reliable measure of imagery ability [Decety et al. 1991 .
The most popular motor imagery questionnaire is Hall's questionnaire Pongrac 1983, Hall and Martin 1997] . The main problem in administering this questionnaire to patients is that it requires quite energetic movements, which need to be executed and subsequently imagined. For most patients with motor deficit, these tasks are impossible to perform and are also very hard to imagine. Therefore Malouin et al. [2007] developed a questionnaire adapted for people with motor disabilities called 'The Kinaesthetic and Visual Imagery Questionnaire' (KVIQ), containing separate sets of questions for kinaesthetic and visual MI. All movements implemented in this questionnaire can be physically executed while sitting in a chair, thus additionally facilitating MI.
KVIQ predicts a possibility that a part of the body can be paralysed (e.g. stroke and SCI patients) so it is a suitable questionnaire for BCI users ].
Both covert and overt motor actions modulate Sensory-Motor Rhythms (SMR), and cause a phenomenon known as 'Event related synchronisation/desynchronisation' (ERS/ERD). The ERS/ERD describes changes in the energy level of certain frequency bands of EEG signal as compared to a period before the motor task [Pfurtscheller and Aranibar 1977] . The ERS/ERD is closely related to a decrease in the peak of the power amplitude of the SMR, which has been suggested as an indicator of motor imagination ability . Intensity of ERS/ERD has also been related to MI, and has been seen to improve with practice [Neuper et al. 2009 ].
Injuries to the CNS may influence execution of both covert and overt movements , Maulouin and Richards 2010 , Butler and Page 2006 that are accompanied with changes in the ERS/ERD response [Pfurtscheller et al. 1980 , Enzinger et al. 2008 , Silvoni et al. 2011 .
MI has often been used in Brain Computer Interface (BCI) paradigms to provide voluntary change of SMR which serves as a basis for generating control signals [Wolpaw et al. 2002 , Pfurtscheller et al. 2000 , Pfurtscheller et al. 2006b , Leeb et al. 2007 , Erzinger et al. 2008 . This type of BCI typically relies on MI of different limbs, to utilise a spatially distinctive activation of the sensory-motor cortex. Therefore, ultimately, BCI classifiers rely on differences in ERS/ERD over different sites of the cortex, not only on ERS/ERD itself. Inherently this is related to the intensity of the power amplitude of the SMR in a relaxed state and a person's ability to produce ERS/ERD during MI.
It is however an open question whether poor imagers (as defined by MI questionnaires) would also have a poor performance when using a MI-based BCI. The latter are often called BCI 'illiterate' [Guger et al. 2003 , Blankertz et al. 2006 . BCI 'illiteracy' is a common problem in BCI not restricted to MI paradigms [Daum et al. 1993 , Guger et al. 2003 , Guger et al. 2009 , Allison et al. 2010 . Each type of BCI systems has its own 'illiterates' and approaches to analyse the problem of 'illiteracy' depends on the underlying neurophysiologic phenomena. Here we focus only on MI based BCI systems. There have been several studies attempting to define suitable candidates for MI based BCI. Blankertz et al. [2010] suggested recording a brief EEG session in a relaxed state with eyes open, to detect power amplitude of SMR in the 'idle' state. They showed good correlation between the power amplitude and subsequent BCI classification accuracy in subjects performing cue-based imagination with feedback. The same group suggested a simpler method for detecting BCI 'illiteracy', using a questionnaire based on 'locus of control of reinforcement' to detect persons who have a positive attitude towards technology and therefore have a better chance to learn how to use an on-line BCI [Burde and Blankertz 2006] . This questionnaire does not however directly deal with imagination ability, but it assumes that users can achieve sufficient off-line classification accuracy.
Visual motor imagery questionnaires have been used to detect correlations between visual imagery and the brain activity recorded by fMRI [Cui et al. 2007] . Although a good correlation was found between a visual imagery and the degree of activation of the occipital area, both the type of imagery and the recording technique are not very practical for BCI. In a study by Neuper at al. [2009] participants were tested with a 'Vividness of mental imagery questionnaire' but correlation between the results of the questionnaire and BCI classification was not found.
Although BCI has initially been developed to assist communication in severely disabled persons, MI based BCI has a potentially wider application in motor rehabilitation Neuper 2006, Dobkin 2007] . While the exact mental strategy is less important for BCI used for communication purposes, the type of MI is relevant for BCI used for motor rehabilitation. The MI used in rehabilitation is goal oriented imagination such as grasping an object. Control of rehabilitation devices or neural prostheses with the aid of BCI differs from a general purpose BCI because the user can simultaneously observe his/her own limb and the goal of an action (e.g. a mug on a table). BCI used in rehabilitation of the upper extremities in people with an injury to the Central Nervous System (CNS) serves a dual function: to provide a feedback on the quality of imagination, promoting neurorehabilitation, and to provide control of devices such as an electrical muscle stimulator or a robot used in hand and arm therapy. BCI based on goal oriented imagination has already been demonstrated in chronic SCI patients for controlling neural prostheses [Pfurtscheller et al. 2000 , Encinger et al. 2008 . It was also shown that better classification accuracy can be achieved with realistic goal oriented feedback (spatial navigation) than with an abstract alternative (e.g. a smiley) [Leeb et al. 2007 ]. However a study by Neuper et al. [2009] showed that there is no difference between controlling an abstract object (an arrow) and the highly realistic presentation of a hand (a hand reaching for a mug). In that study patients were controlling an object on a screen so it more likely that they applied visual rather than kinaesthetic imagery. Kinaesthetic imagery would be easier to experience from the first person perspective, when one imagines movements of one's own hand. In [Pichiorri et al. 2011] This demonstrates the importance of goal (object) oriented MI for activation of the motor cortex, which is relevant for rehabilitation of movements.
In all of these studies the goal of an action was either imagined or presented as an image. It is to be expected that the presence of a real, physical goal would provide extra sensory cues and improve goal oriented imagination by improving the controllability of the imagined task (e.g. precision and timing). To our best knowledge, there are no studies investigating how different forms of presentation of the goal of an action (imaginary or real) influence MI. The presence of a real physical goal (e.g. a mug on a table) would make a MI based BCI suitable for rehabilitation, otherwise the BCI would be a more general one commonly used for communication and control.
In this study we aim to address two hypotheses. The first hypothesis is that there is a correlation between BCI classification accuracy and the outcomes of a questionnaire for visual and kinaesthetic motor imagery, because they should test the same phenomena. If such a correlation exists, then questionnaires could be used as a pre-test for detecting 'very good' or 'very poor' candidates for BCI. The second hypothesis is that there is a measurable difference in EEG in two MI paradigms:
motor imagination towards a physically present goal of the action (neurorehabilitation) and motor imagination without a physically present goal of the action (communication and control). The presence of an object should improve the vividness of kinaesthetic imagery and result in increased accuracy of the BCI classifier. Results of this study might be relevant for motor rehabilitation of upper extremities, based on BCI assisted motor imagination.
II METHODS

Questionnaires
Thirty (Twenty) right handed subjects (11 females, 19 males, mean age 25.3±8.4) (8 females, 12 males, mean age 27.9±7.1) participated in the study, approved by the College of Life Sciences, Glasgow University Ethical Committee.
Before starting the EEG experimental session, the participants were tested for their handedness using 'the Edinburgh Handedness Inventory' [Oldfiled 1970] and for their level of visual and kinaesthetic motor imagery using the KVIQ questionnaire [Malouin et al. 2007] .
KVIQ is divided into tests of visual and of kinaesthetic motor imagery. Visual and Kinaesthetic imagery tests contained 17 questions each. A specific movement was presented verbally and participants were asked to perform a real movement first and subsequently to visualise the same movement from the first person perspective (visual imagery VI) or to imagine the proprioceptive sensation of a movement (kinaesthetic imagery KI). There were five grades to describe imagination, ranging from 'no image' to 'image as clear as seeing' for VI, i.e. 'no sensation' to 'as intense as executing the action' for KI. In this paper, these five grades were called 'No Imagery'=1; 'Poor'=2; 'Moderate=3'; 'Good'=4 and 'Excellent'=5.
The Experimental Paradigm
Participant were comfortably seated by a desk, their nose tips approximately 1.5 m from the computer screen. The front side of the desk was in a V shape so that the participants could keep their forearms on the desk on the side of their body and their hands in front of them. Participants were instructed to look at the centre of a computer screen in front of them, to follow the cue and to minimise eye movement artefacts. Therefore they had their hands in their filed of the peripheral vision. At t=0s a blank screen was presented on a computer screen in front of the participant ( Fig.   1 ). At t=2s a warning sign (a cross) was presented in the centre of the computer screen, and remained until the end of the 7 th second. At t=3s an arrow, pointing to the left or to the right, corresponding to hand grasp of the left or the right hand, appeared on the screen and stayed there for 1.25s. Participants were asked to perform real or imaginary movements of their hands from t=3s until the cross disappeared from the screen at t=7s, that is 4s in total. The next warning sign (a cross) appeared at a random interval 3-5s after the previous cross disappeared.
[ Figure 1 about here]
Real and imagined movements were divided into separate smaller runs. During a real movement run participants were asked to perform a lateral grasp of mugs placed beside the left and the right hands (Fig 2a) . They were asked to repeat opening and closing of their hands (without moving them away from the mug) rather then performing one sustained grasp for 4 sec.
Participants performed MI under two conditions separated into different runs, here called 'simple imagination' (SI) and 'goal-oriented imagination' (GOI). In both cases participants were instructed to perform kinaesthetic imagery (Fig. 2) .
Under GOI condition participants were asked to imagine the lateral grasp while the mugs were on the table close to the participant's hands (Fig. 2b) . Their hands were on the desk with palms down, on the desk. Although this was not the same position of the hands as during the real movements, it was chosen because participants were often tempted to perform real movements when their palms were facing the mug.
Under the SI condition, the mugs were removed and participants were asked to repeat the imagination. Again, their hands were on the desk with their palms down (Fig. 2c) .
Each run of real movements comprised 15 trials for the left and 15 trials for the right hand. Each trial of the MI comprised 10 trials for the left and 10 trials for the right hand. There were in total three runs for real movements, eight runs for SI and eight runs for GOI. The order of different types of trials (real, SI and GOI) was randomised. The purpose of real movement runs was to calculate ERS/ERD maps [Pfurtscheller and Aranibar 1977] and to compare them with ERS/ERD maps during the two MI tasks. A smaller number of real movement runs was chosen to reduce the overall duration of the experiment. Real movements were not used for classification purposes.
[ Features chosen for classification were extracted from the logarithmic band powers for a chosen frequency band. The band powers were calculated using a FIR Butterworth filter or the 5 th order.
Features were the values of band powers calculated over a 1s window shifted for 7/8s over a whole 4s period during MI. This gave 31 overlapping 1s long windows, for each frequency band, from which features were extracted. Classification was performed for each time window and the best one was chosen (though the actual time of the window is not presented). For each person and each experimental condition, two frequency bands giving the best classification accuracy were found by testing combinations for each of two (non-overlapping) frequency bands. The combination of the two best frequency bands was common for all three channels. That provided 2*3= 6 features in total used to build a BCI classifier.
In addition BCI classification was performed using features from one frequency band, chosen from all frequency bands and common for all three channels (3 features in total). Results are presented for the frequency band that achieved the best classification accuracy. This was used to compare whether there is a difference between the 'best' frequency bands for SI and GOI. For 80 trials and 2 classes, a 'chance' level of 60% was adopted . Classification accuracy above the chance level would provide a valid comparison of 'the best' single frequency between SI and GOI.
Feature classification was performed using a Fisher's Linear Discriminate Analysis (LDA) [Duda et al. 2001] . A 10x10 cross validation procedure was adopted. This means that in each run a BCI classifier was trained on up to 72 features and tested on 8 features for each hand (this was the maximum number in case no trial was removed because of noise). A true positive rate (a ratio of correctly classified trials compared to total number of trials) was adopted as a measure of the classification accuracy. A mean value of true positive rate for the right and the left hand was presented Signal processing was performed using rtsBCI [Scherer 2005 ] and the BioSig Open source toolboxes in Matlab (Mathworks Inc, USA).
Off-line Analysis
ERS/ERD spectra Aranibar 1977, Pfurtscheller and Lopes da Silva 1999] were calculated based on FFT, and the reference period was a 1s long, from 0.5s to 1.5s prior to the warning sign. Statistical significance of the ERS/ERD values was determined by applying a tpercentile bootstrap algorithm [Graimann et al 2002] with a significance level α=0.05.
Power spectral density PSD was obtained for the period t=0.5-1.5s (reference period) and for t=3-5s (movement imagination) and was averaged over trials for display and analysis purposes. The PSD has a characteristic 'peak' in the alpha frequency range that corresponds to the SMR. The peak is prominent in the relaxed state (reference period) while it drops during MI.
Statistical analysis
A Shapiro-Wilk test [Shapiro and Wilk 1965] of normality was performed, confirming normal distribution for kinaesthetic and visual imagery scores, classification accuracy for SI and GOI and a degree of handedness (p=0.05). To test the hypothesis of equality of means of the two groups, a paired t-test was performed.
Linear regression analysis
was preformed to find the best fit curve between the classification accuracy and KI/VI score. A linear correlation between the two independent variables was calculated using the parametric Pearson test. All calculations were performed in Matlab.
III RESULTS
1. Kinaesthetic and Visual Imagery Scores
The mean value of the KI score across 30 (20) subjects was 3.4±0.8 (3.3 ±0.6) and for the VI score was 3.5±0.6 (3.4±0.6). This means, that on average, participants had moderate visual and kinaesthetic imagery. Participants' individual imagery ability ranged from poor (KI ∼2) to good/excellent (KI=4.5) (Fig. 3, x axis) . Only one participant had a VI score under 2, and none had a KI score under 2 because such a score (no imagination) is very rare among able-bodied people with intact proprioception [Malouin et al. 2007] . A paired t-test showed that there was no statistically significant difference between VI and KI (p=0.4) (p=0.5) In addition, results of the whole KI test were compared with the KI 6 (scores for the left and the right hand only) and no statistically significant difference of means was found (paired t-test p=0.7) (paired t-test p=0.9).
2. BCI classification accuracy for SI and GOI
The mean classification accuracy for SI between the left and the right hand, based on the two best frequency bands was 71.1±7.8% (68.6±6.1%) and the corresponding classification accuracy for GOI was 70.5±5.9% (69.7±4.9%). There was no statistically significant significance between SI and GOI (paired t test p=0.8) (paired t test p=0.26).
When only one frequency band (3 features) was used, the classification accuracy for SI was 68.9±6.8% and for GOI was 67.7±8%, and hence greater than just by the chance.
The mean level of handedness was 89.2±7.1% (81.8±16.1%), (almost 20 out of 30 participants were 100% right handed) so no correlation was found between the level of handedness and the classification accuracy.
Correlation Between QVKI Scores and Classification Accuracy
The highest correlation between imagination ability and classification accuracy was found between the KI score and BCI classifier based on SI, (Pearson r 2 =0.56 p=2.9e-5) (Pearson r 2 = 0.66 1.39e-5), which means that 56% (66%) of the variance in classification accuracy could be explained by each participant's MI ability. The slope of the linearly fitting curve was K 2 =8.2 (7.6) (Fig. 3a, solid (Fig 3b) .
[ Figure 3 about here]
3.2 Relationship Between PSD and Kinaesthetic Imagery.
The PSD of the EEG signal was calculated for the reference period and for a period of motor imagination. In participants with moderate and good imagery, a drop of SMR peak during MI could be observed over all three electrode sites. In participants with poor KI, as in the one shown in Fig.4 , there was no clear difference between PSD in the reference period and during MI, over some of the recording sites. Seven (five) participants with the lowest classification accuracy had a barely recognisable alpha peak over the sensory-motor area of the right or the left hemisphere both during the reference period and during imagination of movement (lack of 'peak' SMR in the PSD), as shown in graphs on the left in Fig.4 . In the other two electrode locations the alpha peak is visible but is similar during the reference period and MI.
A lack of change in SMR effectively resulted in very weak ERD upon MI. A lack of ERD over CF4-CP4 in the alpha band resulted in larger similarity in MI of the left and the right hand (as ERD was different over the other two locations only) and lower classification accuracy. Thus persons with low SMR peak and small SMR reduction had the lowest classification accuracy for the BCI system.
[ Figure 4 about here]
Simple vs. Goal-Oriented Imagination
The classification accuracy was similar for SI and GOI. Therefore based on this result, at the group level, it was not possible to draw conclusions about the influence of the physical target on imagination. However, from the linear interpolations in Fig.3a it can be seen that the GOI interpolation has a smaller slope, because the GOI improved a classification accuracy in persons with a low KI score, while in persons with a higher KI score the classification accuracy decreased.
The dominant frequency band used to classify left vs. right hand was compared between the SI and the GOI strategy (Fig.5) . Only 30 % (25%) participants had the same dominant frequency for both SI and GOI, and they were mostly in the 'very good' imagers group (graph on the right in Fig.   3a ). Participants with the worst imaginary ability ('poor' imagers, on the left) had different dominant frequency bands for SI and GOI. It is interesting that 'good' imagers who had the same dominant frequency band for SI and GOI had worse classification results for GOI than for SI (Figure3a). In contrast, 'poor' imagers achieved better classification accuracy for GOI than for SI.
On the level of the whole group, there was no clear tendency towards an increase or a decrease in the dominant frequency when SI was compared with the GOI, probably because of different tendencies in 'poor' and 'good' imagers. In 9 participants (6 participants) the dominant frequency was lower for GOI than for SI, in 9 (8) it was higher, in 4 participants (2 participants) the dominant frequencies for SI and GOI partially overlapped, and in 8 participants (5 participants) they were identical for SI and GOI.
The width of the dominant frequency band was also compared between SI and GOI. In 11 participants (9 participants) participants the width of the dominant frequency band for GOI was smaller than for SI (typically reduced from the 4Hz bandwidth to the 2Hz bandwidth), in 15 participants (9 participants) it stayed the same and only in 4 participants (2 participants) (13% participants) it was larger for GOI.
[ Figure 5 about here]
In addition, when the best features of the GOI classifier were used for the SI classifier, the classification accuracy decreased on average for 5.0% (4.5%). A paired t-test between these two results, for the SI classifier, showed a statistically significant difference p=0.009 (p=0.012).
[ Figure 6 about here]
Individual ERS/ERD maps of two representative participants, one with a high KI score (4.5) and the other with a low KI score (2.1) over the electrode location CF3-CP3, during various motor tasks of the right hand, are shown in Fig 6. For a person with a low KI score (Fig. 6a ) a wide spread ERD of the sensory-motor rhythms (alpha and beta) is visible during the overt (executed) movement.
During SI, the ERD can be seen in the delta and the theta bands only. With the GOI, the ERD is visible in the SMR, which was not sustained but existed only during the first second (the task was to imagine a lateral grasp repeatedly for 4s). The ERD in the lowest frequency range (<5Hz) is less intense than in the SI case. Fig 6b shows ERS/ERD for the same tasks as in Fig. 6a but for a person with the highest KI score (KI=4.5). During movement execution a well defined ERD over 10-15
Hz range can be seen. During SI, the ERD can be seen in two distinctive bands, in the alpha and the beta range. For the GOI, the ERD is less intensive and less sustained in the beta frequency range than for SI. While GOI seemed to facilitate MI in a person with low KI score, it seemed to cause distraction and less sustained ERD in person with a high KI score.
IV DISUCSSION AND CONCLUSIONS
The results of this study showed that a motor imagery questionnaire can be used as a preliminary test to differentiate between 'good' and 'poor' candidates for a MI based BCI, and to decide on the best MI strategy.
Correlation between questionnaires and BCI was tested for two types of motor imagery (visual VI and kinaesthetic KI) and for two types of MI: simple (SI) and goal oriented (GOI). A strong correlation between the outcomes of the motor imagery questionnaire and the BCI classifier was found for the KI score and the classifier based on the SI while a medium correlation was found between the KI score and the classifier based on the GOI. There was a weak correlation between the VI score and both the SI and the GOI based classifier. It was unsurprising that KI showed a higher correlation with BCI because participants were instructed to perform kinaesthetic rather than visual imagery.
A somewhat unexpected result was that the physical presence of the goal of an imagined action had the opposite effect with 'good' compared to 'poor' imagers. While it helped 'poor' imagers to focus on the imagined action, resulting in an increase in classification accuracy, it 'disturbed' good imagers reducing their classification accuracy. As a result, the correlation between the BCI classifier and the KI score was lower for the GOI task than for the SI task. A possible explanation might be that very 'good' imagers already had good kinaesthetic imagination and the presence of an object diverted them from kinaesthetic to a visual imagery, which activated different areas of the cortex [Neuper et al. 2005 , Guillot et al. 2009 ]. This hypothesis was supported by the results of the analysis of the ERS/ERD maps of participants with the worst and best KI during SI and GOI. While the GOI caused facilitation of the SMR in people with a low KI score, it caused a reduction in the ERD intensity of the SMR in people with a high KI score. This might be related to how 'good'
imagers (e.g. sportsmen) and 'poor' imagers (e.g. stroke patients) practice motor imagery.
Sportsmen, e.g. tennis player, do not need to look at a tennis ball to imagine a forehand. On the contrary, practicing a reaching task after stroke is often facilitated by the physical presence of the object [Page et al. 2009] or its representation in virtual reality [Gaggioli et al.2009 ].
In a study by Neuper et al [2009] no correlation was found between the 'Vividness of Mental Imagery Questionnaire' [Isaac et al. 1996] and classification of the BCI. The questionnaire used in that study favoured visual imagery by asking patients to perform complex tasks (e.g. sliding on ice, throwing a stone into the water). The questionnaire was adequate for that particular study because the MI task was visual (to move an abstract or realistic image of a hand on the computer screen). In our study participants had to imagine movements of their own limbs, concentrating on kinaesthetic patients could also benefit from BCI based motor therapy. MI-based BCI can be used in SCI patients to enable patient-controlled functional electrical therapy to restore hand function early after the injury [Vuckovic at al. 2011b] or for controlling a permanent hand orthoses [Enzinger et al. 2008 ].
Another result from this study, namely that people with a lower KI score have a lower intensity of the SMI peak, is in accordance with a study by Blankertz et al. [2010] . In that study correlation between the power amplitude of the SMR over the C3+C4 area of the cortex and the classification accuracy of a BCI classifier based on ERS/ERD was demonstrated, showing that people with a lower SMR in a relaxed state exhibit worse BCI performance. These people would to some extent correspond to poor imagers in our study, as they would have lower C3 and/or C4 SMR than good imagers. This study was based on an off-line classification while a study by was based on an on-line task with feedback. However Burde and Blankertz [2006] demonstrated that feedback performance depends on the person's 'locus of control' which is a confounding factor of an on-line study.
The results of the current study also showed that the optimal features chosen for the classifier could be modified by changes in the MI strategy. Swapping the 'optimal' features of the classifiers based on SI and GOI caused a significant decrease in classification accuracy. The effect of changes in the MI paradigm on classification accuracy was previously noticed in studies where off-line chosen features were used for on-line BCI with feedback [Vidaurre et al. 2010] or when simple on-line feedback was replaced with a Virtual Reality environment [Pfurtscheller at al.2006b , Leeb et al. 2007 ].
The experimental setup to investigate a GOI was not ideal because the hand and mug were in the peripheral visual field, due to a cue-based task. The palm was not facing the mug but faced down on the desk, to suppress unintentional hand movements. The ideal setup for this kind of experiment would be asynchronous BCI but that would require extensive training of a large number of participants. In addition off-line classification results in 'poor' imagers were too low (close to classification accuracy by chance) to be used as initial features for on-line training.
To some extent, GOI exhibits similarities to 'quasi movements' [Nikulin et al. 2008] in which persons have to suppress their muscle activity to a level that cannot be detected by EMG. Quasi movements elicit stronger ERD compared to imagination.
In current study a very simple classification algorithm was used because the main focus of the study was not on the classification algorithm, but rather on the experimental paradigms. Using more sophisticated algorithms or additional recording sites would lead to improved classification accuracy [Blankertz et al. 2008 , Vidaure and Blanertz 2010 . Even so, a classification accuracy of 71.1% for GOI and 70.5% for SI (69.7% GOI and 68.6% SI) is in agreement with results from studies performed on a larger number of untrained subjects [Guger et al. 2003 ].
V SIGNIFICANCE This study demonstrates that the KVIQ scores could be helpful to find the best MI strategy for any particular individual for a BCI, as a first step before testing BCI performance.
The motor imagery paradigm influences imagination ability and modifies the optimal parameters chosen for the BCI classifier. The physical presence of the goal of imagined action improves the classification accuracy of BCI in 'poor' imagers. Results of this study might be relevant for patients receiving BCI based hand therapy as they are likely to have reduced ability to imagine movements of their impaired limbs.
FIGURE LEGENDS: Figure 1 . The experimental paradigm. At t=0s a blank screen was presented followed by a warning sign at t=2s. The warning sign stayed until t=5s. At t=3s a cue appeared on the screen and stayed there for 1.25 s.
Classification features were extracted from the period t=3s till t=7s. 
